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Variable gain amplifier 

FIELD BACKGROUND OF THE INVENTION 

The present invention relates to a variable gain amplifier. 
5 More particularly, it relates to a variable gain amplifier enhanced in 
input and output characteristics, for use in amplification of radio 
frequency signals in various wireless communication appliances. 
BACKGROUND: 

In this kind of amplifier known hitherto, for example, at the 

1 0 input side of a semiconductor element for amplifying, a semiconductor 
element for signal attenuation capable of varying the conductive state 
by a control voltage from outside is provided in series between a radio 
frequency input line to the semiconductor element for amplifying and 
the ground, and the input signal to the semiconductor element for 

15 amplifying can be attenuated, so that the gain may be variable (for 
example, Japanese Unexamined Patent Publication No. 2001-237650, 
pages 3-4, Fig. 1 . resulting from application 2000-045340 of KOJI 
HAYASHL filed 23 FEB. 2000 ). 

The gain of the amplifier can be varied not only by installing 

20 a gain variable circuit as mentioned above, but also, for example, by 
cutting off the supply voltage of the amplifier, for a sufficient signal 
input, so as to obtain a minimum gain. 

At the input side of the amplifier mentioned above, an input 
impedance matching circuit for matching the impedance between the 

25 circuit of the preceding stage and the amplifier is often disposed, and at 
the output side, further, an output impedance matching circuit for 
matching the impedance between the circuit of the later stage and the 
amplifier is disposed. 

Such impedance matching circuit is optimized, usually 

30 assuming a case of input of a feeble signal, when the gain is not varied, 
in other words, when the gain of the amplifier is at maximum, and a 
favorable characteristic is obtained in the voltage standing wave ratio 
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(VSWR) at the input end and output end of the amplifier. For example, 
Fig. 6 (A) shows an example of measurement of VSWR at the input end 
when the gain is not varied and when the gain is varied in the amplifier 
of the configuration shown in the above publication, and Fig. 6 (B) 
5 shows an example of measurement of VSWR at the output end when 
the gain is not varied and when the gain is varied in the amplifier of the 
configuration shown in the above publication, in which it is known that 
the measurement of VSWR is favorable when the gain is not varied in 
both cases. In Fig. 6 (A), X 0l shows a point where the measurement of 

10 VSWR at the input end when the gain is not varied is 1.78, and Y 01 
shows a point where the measurement of VSWR at the input end when 
the gain is varied is 9.89. In Fig. 6 (B), Xq 2 shows a point where the 
measurement of VSWR at the output end when the gain is not varied is 
1.69, and Y 02 shows a point where the measurement of VSWR at the 

1 5 output end when the gain is varied is 4.23. 

On the other hand, when the gain is varied, that is, in the 
case the gain of the amplifier is minimum, in the amplifier of the 
configuration shown in the above publication, the semiconductor for 
signal attenuation is turned ON (in conducting state), and the input and 

20 output impedances of the amplifier are significantly differentce from 
those when the gain is not varied, and therefore if the impedance 
matching circuit is provided at each at of the input and output ends, 
since these impedance matching circuits are optimized when the gain of 
the amplifier is maximum, and therefore VSWR when the gain is varied 

25 is extremely degraded as shown in Fig. 6 (A) and Fig. 6 (B). 

As a result, it leads to degrading of characteristic of the filter 
connected in the front stage or rear stage of the amplifier, thereby 
extremely degrading the reception performance of the wireless 
communication appliance. 

30 In the case of the amplifier designed to vary the gain by 

presence or absence of power supply without installing a circuit for 
varying the gain, although it is an advantage that the power 



-2- 



consumption of the wireless communication appliance can be saved by 
cutting off the power supply, even in this case, since the input and 
output impedances of the amplifier are significantly different between 
when the power is supplied and when the power supply is cut off, 
5 VSWR at the input and output ends of the amplifier^ when the power 
supply is cut off A is worse as compared when the power is supplied, and 
this is the same problem as in the amplifier having the a circuit for 
varying the gain. 

Further, in the amplifier for varying the gain by presence or 

10 absence of supply of supply voltage, since the gain when varying the 
gain (when the power supply is not cut off) is determined nearly by the 
isolation between input and output of the semiconductor element for 
signal amplification, it is impossible to set arbitrarily set the gain 
attenuation amount, that is, the difference in gain when the gain is not 

1 5 varied (the power is supplied) and when the gain is varied (the power is 
not supplied), which is not convenient for use. 
SUMMARY OF THE INVENTION: 

The invention is devised in the light of the above 
background; it is hence an object thereof to provide a variable gain 

20 amplifier having a favorable in the VSWR Voltage Standing Wave Ratio 
(VSWR) at the input and output end a regardless of presence or absence 
of gain variation while realizing a achieving low power consumption in 
gain variation. 

It is another object of the invention to provide a variable gain 
25 amplifier havng a favorable in the VSWR at the input and output ends^ 
regardless of the presence or absence of gain variation, and capable of 
permitting arbitrary setting of the gain attenuation amount arbitrarily . 

It is a different object of the invention to provide a variable 
gain amplifier having favorable rn — the input and output power 
30 characteristics in gain variation. 

To achieve these objects, the variable gain amplifier of the 
invention is a variable gain amplifier designed to amplify the radio 
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frequency signal by using a field effect transistor for signal amplification 
comprising input impedance correcting means for correcting the input 
impedance when varying the gain at the input side of the field effect 
transistor for signal amplification, output impedance correcting means 
5 for correcting the output impedance when varying the gain at the 
output side of the field effect transistor for signal amplification, and 
amplifier bypass means for passing the radio frequency input signal 
directly to the output side a by skipping the field effect transistor for 
signal amplification^ when varying the gain. 

10 In this configuration, when varying the gain, that is, to 

obtain the minimum gain, the radio frequency input signal is skipped 
fed to the output side by the amplifier bypass means, and fluctuations 
of the input impedance at the input side of the field effect transistor for 
signal amplification are corrected by the input impedance correcting 

1 5 means, and fluctuations of the output impedance at the output side of 
the field effect transistor for signal amplification are corrected by the 
output impedance correcting means, and therefore,, as compared with 
the case not varying the gain, that is, the case of obtaining the 
maximum gain by operation of the field effect transistor for signal 

20 amplification only, fluctuations of VSWR at the input and output 
terminal of the amplifier when varying the gain are smaller, and the 
gain attenuation amount can be set arbitrarily. Moreover, the power 
consumption can be lowered when varying the gain. 

Further, the variable gain amplifier of the invention is a 

25 variable gain amplifier designed to amplify the radio frequency signal by 
using a field effect transistor (FET) for signal amplification, in which the 
field effect transistor for signal amplification is of dual gate type, and a 
first gate terminal is connected to a radio frequency signal input 
terminal by way of a DC cut capacitor at an input side of the FET for 

30 amplification and an input impedance matching circuit, a drain 
terminal is connected to a radio frequency signal output terminal by 
way of an output impedance matching circuit and a DC cut capacitor at 
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an output side of the FET for amplification, a source terminal of a field 
effect transistor for bypass of amplifier is connected at the junction of 
the input side capacitor and the input impedance matching circuit by 
way of a DC cut capacitor at a source side of the FET for bypass, a 
5 drain terminal of the field effect transistor for bypass ing the of amplifier 
is connected at the junction of the drain terminal of the field effect 
transistor for signal amplification and the output impedance matching 
circuit by way of a DC cut capacitor at drain side of the FET for 
bypass ing , the drain terminal of field effect transistor for input 

10 impedance correction is connected at the junction of the input 
impedance matching circuit and a DC cut capacitor at input side of the 
FET for amplification by way of a first FET side DC cut capacitor for 
correction and a first FET side resistor for correction, a source terminal 
of the field effect transistor for input impedance correction is connected 

1 5 to the ground by way of a first FET side bypass capacitor for correction, 
a drain terminal of a field effect transistor for output impedance 
correction is connected at the junction of the drain terminal of the field 
effect transistor for signal amplification and the output impedance 
matching circuit by way of a second FET side DC cut capacitor for 

20 correction and a second FET side resistor for correction, a source 
terminal of the field effect transistor for output impedance correction is 
connected to the ground by way of a second FET side bypass capacitor 
for correction, each gate terminal of the field effect transistor for bypass 
of amplifier bypassing , the field effect transistor for input impedance 

25 correction, and the field effect transistor for output impedance 
correction is connected to the ground by way of each via a respective 
resistor, and each drain terminal and source terminal of the field effect 
transistor for by p ass of amplifier bypassing , the field effect transistor for 
input impedance correction, and the field effect transistor for output 

30 impedance correction are connected to a first control voltage application 
terminal by way of each via a respective resistor, a source terminal of 
the field effect transistor for signal amplification is connected to a 
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second gate terminal and a drain terminal of field effect transistor for 
bias SW by way of an inductor, this source terminal is connected to the 
ground by way of a capacitor, a source terminal of the field effect 
transistor for bias SW is connected to the ground by way of via a self- 
5 bias resistor, a gate terminal is connected to a second control voltage 
application terminal by way of via a gate bias resistor. 



variable gain amplifier designed to amplify the radio frequency signal by 
using a field effect transistor for signal amplification, in which amplifier 



1 0 bypass means mainly composed of a field effect transistor for bypass of 

amplifier bypassing is connected parallel to the field effect transistor for 
signal amplification, and a field effect transistor for bias SW for 
controlling the operation of this transistor is connected to the source 
terminal side of the field effect transistor for signal amplification, and a 

1 5 second gate terminal of the field effect transistor for signal amplification 
is connected at the junction of the source terminal of the field effect 
transistor for bias SW and of a self-bias resistor. 



the amplifier at minimum gain, if the level of the radio frequency input 
20 signal is increased to raise the voltage of the source terminal of the field 
effect transistor for signal amplification, the potential of the second gate 
terminal of the field effect transistor for signal amplification can be 
maintained almost at 0 V, and the voltage of this second gate terminal 
(G2) is always lower than the potential of the source terminal, so that a 
25 nonconducting state is always maintained between the drain and 
source of the field effect transistor for signal amplification, and as a 
result^ after the input radio frequency signal of strong electric field 
passes through the amplifier bypass means, it does not leak to the 
ground through the drain and source of the field effect transistor for 
30 signal amplification, so that a favorable linearity characteristic may be 
obtained. 



Moreover, the variable gain amplifier of the invention is a 




In such a configuration, when varying the gain, that is, to set 



Further, the variable gain amplifier of the invention is a 
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variable gain amplifier designed to amplify the radio frequency signal by 
using a field effect transistor for signal amplification, in which the field 
effect transistor for signal amplification is of dual gate type, and a first 
gate terminal is connected to a radio frequency signal input terminal by 
5 way of a first DC cut capacitor and an input impedance matching 
circuit, a drain terminal is connected to a radio frequency signal output 
terminal by way of an output impedance matching circuit and a second 
a DC cut capacitor, a source terminal of a field effect transistor for 
bypass of amplifier is connected at the junction of the first DC cut 

1 0 capacitor and the input impedance matching circuit by way of a third 
DC cut capacitor, a drain terminal of the field effect transistor for 
bypass of amplifier is connected at the junction of the drain terminal of 
the field effect transistor for signal amplification and the output 
impedance matching circuit by way of a fourth DC cut capacitor, each 

15 gate terminal of the field effect transistor for signal amplification and 
field effect transistor for bypass of amplifier is connected to the ground 
by way of each resistor, a source terminal of the field effect transistor 
for signal amplification is connected to the drain terminal of a field 
effect transistor for bias SW by way of an inductor, its drain terminal is 

20 connected to the ground by way of a capacitor, a second gate terminal 
of the field effect transistor for signal amplification and the source 
terminal of the field effect transistor for bias SW are mutually 
connected, a self-bias resistor and a bypass capacitor are connected 
between the junction and the ground, a gate terminal of the field effect 

25 transistor for bias SW is connected to a second control voltage 
application terminal by way of a gate bias resistor, and the drain 
terminal and source terminal of the field effect transistor for bypass of 
amplifier are connected to a first control voltage application terminal by 
way of each resistor. 

30 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a circuit diagram showing an example of circuit 
configuration of a variable gain amplifier in an embodiment of the 
invention; 

5 Figs. 2 (A) and 2 (B) are characteristic graphs of Smith 

charts showing a test example of impedance and VSWR at input and 
output terminals of the variable gain amplifier shown in Fig. 1 , in which 
Fig. 2 (A) is a characteristic graph of impedance and VSWR at the radio 
frequency input terminal, and Fig. 2 (B) is a characteristic graph of 
1 0 impedance and VSWR at the radio frequency output terminal; 

Fig. 3 is a characteristic graph of gain changes due to input 
power by gain variation in the variable gain amplifier shown in Fig. 1 ; 

Fig. 4 is a circuit diagram showing an example of circuit 
configuration of a variable gain amplifier in another embodiment of the 
1 5 invention; 

Fig. 5 is a characteristic graph of gain changes due to input 
power by gain variation in the variable gain amplifier shown in Fig. 4; 
and 

Figs. 6 (A) and 6(B) are characteristic graphs of Smith charts 
20 showing an example of impedance and VSWR at input and output 
terminals in a conventional circuit, in which Fig. 6 (A) is a characteristic 
graph of impedance and VSWR at the radio frequency input terminal, 
and Fig. 6 (B) is a characteristic graph of impedance and VSWR at the 
radio frequency output terminal. 
25 DETAILED DESCRIPTION: 

An embodiment of the invention is described while referring 
to Fig. 1 and Figs. 2 (A) to 2 (B). 

The members and configuration described below are not 
intended to limit the invention, but may be changed or modified within 
30 the scope and true spirit of the invention. 

A variable gain amplifier in the embodiment of the invention 
is designed to amplify an input radio frequency signal by means of a 
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signal amplifying FET (field effect transistor) 1, and can select the 
presence or absence of gain variation by means of a bias SW FET 5. 
Further, at the first gate terminal (Gl) side of the signal amplifying FET 
1, a first DC cut capacitor (first FET side DC cut capacitor for 
5 correction) 6, a resistor (first FET side resistor for correction) 7, and an 
input impedance correction FET 2 are disposed, at the drain terminal 
side of the signal amplifying FET 1, a second DC cut capacitor (second 
FET side DC cut capacitor for correction) 12, a resistor (second FET side 
resistor for correction) 13, and an output impedance correction FET 3 
10 are disposed, and further between the first gate terminal (Gl) and drain 
terminal of the signal amplifying FET 1, a fourth DC cut capacitor 
(bypass FET source side DC cut capacitor) 23, an amplifier bypass FET 
4, and a fifth DC cut capacitor (bypass FET drain side DC cut capacitor) 
27 are disposed. 

•-I 

1 5 Explaining the circuit connection specifically, first, the signal 

amplifying FET 1 is preferably MESFET (metal semiconductor field 
effect transistor), and in the embodiment of the invention it has so- 
called dual gates of n-channel depression type. 

The first gate terminal (Gl) of this signal amplifying FET 1 is 

20 connected to the ground by way of a resistor 19, and is also connected 
to a radio frequency signal input terminal 32 by way of a third DC cut 
capacitor 18 and an input impedance matching circuit 29. 

A source terminal of the signal amplifying FET 1 is 
connected to a drain terminal of the bias SW FET 5, a second gate 

25 terminal (G2) of the signal amplifying FET, and one end of a source 
capacitor 22 by way of a source inductor 20, and other end of the 
source capacitor 22 is connected to the ground. A source terminal for 
bias SW FET 5 is connected to the ground by way of a self-bias resistor 
21. A gate terminal of the bias SW FET 5 is connected to a second 

30 control voltage application terminal 37 by way of a gate bias resistor 35. 

A drain terminal of the signal amplifying FET 1 is connected 
to a supply voltage application terminal 34 by way of a choke inductor 
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28, and is further connected to a radio frequency signal output terminal 
33 by way of an output impedance matching circuit 30 and a sixth DC 
cut capacitor (amplifying FET output side DC cut capacitor) 3 1 . 

On the other hand, the input impedance correcting FET 2 is, 
5 for example, of n-channel depression type, and its drain terminal is 
connected at the junction of the third DC cut capacitor 18 and input 
impedance matching circuit 29 by way of a resistor 7 (first correcting 
FET side resistor) and first DC cut capacitor 6 (first correcting FET side 
DC cut capacitor). A source terminal of the input impedance correcting 

10 FET 2 is connected to the ground by way of a first bypass capacitor 
(first correcting FET side bypass capacitor) 1 1 , and its gate terminal is 
connected to the ground by way of a resistor 10. Further, a drain 
terminal and a source of the input impedance correcting FET 2 are 
commonly connected to a first control voltage application terminal 36 by 

1 5 way of a first bias resistor 8 and a second bias resistor 9, respectively. 

In the embodiment of the invention, the input impedance 
correcting means is realized by the portion mainly composed of this 
input impedance correcting FET 2. 

The output impedance correcting FET 3 is similar to the 

20 input impedance correcting FET 2, and is, for example, n-channel 
depression type, and its drain terminal is connected to the drain 
terminal of the signal amplifying FET 1 by way of a resistor 13 and a 
second DC cut capacitor 12, while its source terminal is connected to 
the ground by way of a second bypass capacitor (second correcting FET 

25 side bypass capacitor) 17. A gate terminal of the output impedance 
correcting FET 3 is connected to the ground by way of a resistor 16. A 
drain terminal and a source terminal of the output impedance 
correcting FET 3 are commonly connected to the first control voltage 
application terminal 36 by way of a third bias resistor 14 and a fourth 

30 bias resistor 15, respectively. 

In the embodiment of the invention, the output impedance 
correcting means is realized by the portion mainly composed of this 
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output impedance correcting FET 3. 

The amplifier bypass FET 4 is similar to the input impedance 
correcting FET 2, and is, for example, -channel depression type, and its 
source terminal is connected at the junction of the third DC cut 
5 capacitor 18 and input impedance matching circuit 29 by way of a 
fourth DC cut capacitor 23, while its drain terminal is connected to the 
drain terminal of the signal amplifying FET 1 by way of a fifth DC cut 
capacitor 27. On the other hand, a gate terminal of the amplifier 
bypass FET 4 is connected to the ground by way of a resistor 25, while 
10 its source terminal and drain terminal are commonly connected to the 
first control voltage application terminal 36 by way of a fifth bias 
resistor 24 and a sixth bias resistor 26, respectively. 

In the embodiment of the invention, the amplifier bypass 
means is realized by the portion mainly composed of this amplifier 
15 bypass FET 4. 

The operation of this structure is explained. 
Suppose the control voltage applied to the first control 
voltage application terminal 36 to be VCONT36, and the pinch-off 
voltage of input impedance correcting FET 2, output impedance 
20 correcting FET 3, and amplifier bypass FET 4 to be identical and Vp. 

First, when the gain is not varied (to obtain the maximum 
gain), a supply voltage so as to actuate the signal amplifying FET 1 is 
applied to the supply voltage application terminal 34, a bias voltage so 
as to turn on the bias SW FET 5 (to set in conducting state) is applied to 
25 the second control voltage application terminal 36, and a voltage to 
satisfy the relation of VCONT36 > -Vp is applied to the first control 
voltage application terminal 36. 

As a result, the signal amplifying FET 1 is set in operating 
state, and the input impedance correcting FET 2, output impedance 
30 correcting FET 3, and amplifier bypass FET 4 are all turned OFF (set in 
nonconducting state). 
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Each gate width Wgt of the input impedance correcting FET 
2, output impedance correcting FET 3, and amplifier bypass FET 4, 
each capacity value of the DC cut capacitors 6, 12, 23, 27, each 
resistance value of the resistors 7 and 13, and each capacity value of 
5 the bypass capacitors 11 and 17 are optimized so as to suppress the 
attenuation of the radio frequency input signal and radio frequency 
output signal in these elements in the state not varying the gain, and 
therefore the radio frequency signal entered from the radio frequency 
signal input terminal 32 through the input impedance matching circuit 

10 29 is fed into the gate terminal (Gl) of the signal amplifying FET 1 by 
way of the third DC cut capacitor 18 without being attenuated by the 
input impedance correcting FET 2 and amplifier bypass FET 4, while 
the radio frequency signal being amplified and delivered from the drain 
terminal is issued to the radio frequency signal output terminal 33 by 

1 5 way of the output impedance matching circuit 30 and DC cut capacitor 
31 without being attenuated by the output impedance correcting FET 3, 
so that the maximum gain is obtained by operating same as an ordinary 
amplifier. 

On the other hand, when varying the gain (to obtain the 
20 minimum gain), a bias voltage so as to turn OFF the bias SW FET 5 is 
applied to the second control voltage application terminal 37, and a 
voltage to satisfy the relation of VCONT36 < -Vp is applied to the first 
control voltage application terminal 36. 

As a result, the signal amplifying FET 1 is turned OFF, and 
25 the input impedance correcting FET 2, output impedance correcting 
FET 3, and amplifier bypass FET 4 are all turned ON (set in conducting 
state). In this case, since the signal amplifying FET 1 is turned OFF, 
the radio frequency input signal does not pass through the signal 
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amplifying FET 1 , but passes through the bypass route composed of the 
fourth DC cut capacitor 23, amplifier bypass FET 4, and fifth DC cut 
capacitor 27. 

Hence, since the gain when varying the gain is determined 
5 by the passing loss in the bypass route composed of the fourth DC cut 
capacitor 23, amplifier bypass FET 4, and fifth DC cut capacitor 27, by 
optimizing the gate width Wgt of the amplifier bypass FET and the 
capacity value of the fourth and fifth DC cut capacitors 23, 27, the gain 
in gain variation and the gain attenuation amount can be easily set to 

10 desired values. 

If the supply voltage so as to actuate the signal amplifying 
FET 1 remains applied to the supply voltage application terminal 34, 
since the bias SW FET 5 is turned OFF, the signal amplifying FET 1 
does not operate, and the signal amplifying FET 1 is securely kept in 

15 OFF state. Accordingly, when varying the gain, the power consumption 
in the amplifier can be lowered, and the battery operation time of the 
wireless communication appliance using the amplifier can be extended. 

Thus, in the amplifier of the embodiment of the invention, 
while keeping the signal amplifying FET 1 in off state, by setting the 

20 application voltage of the first control voltage application terminal 36 at 
the value specified above, the input impedance correcting FET 2, 
amplifier bypass FET 4 and output impedance correcting FET 3 can be 
turned ON, so that the gate impedance and drain impedance of the 
signal amplifying FET 1 can be set to the same value as in the on state. 

25 As a result, the VSWR of the radio frequency signal input 

terminal 32 and radio frequency signal output terminal 33 in the state 
of addition of the input impedance matching circuit 29 and output 
impedance matching circuit 30 can be maintained at a favorable value 
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whether the signal amplifying FET 1 is ON or OFF. 

Herein, the gate width Wgt of the input impedance correcting 
FET 2, the resistance value of the resistor 7, and the capacity value of 
the first DC cut capacitor 6 and first bypass capacitor 1 1 are set at 
5 optimum values so that the VSWR of the radio frequency signal input 
terminal 32 in gain variation (to obtain the minimum gain) may not be 
worse as compared with the case of not varying the gain (to obtain the 
maximum gain). Similarly, the gate width Wgt of the output impedance 
correcting FET 3, the resistance value of the resistor 13, and the 

10 capacity value of the second DC cut capacitor 12 and bypass capacitor 
17 are set at optimum values so that the VSWR of the radio frequency 
signal output terminal 33 in gain variation may not be worse as 
compared with the case of not varying the gain. 

Fig. 2 (A) and Fig. 2 (B) show test examples of VSWR in the 

15 radio frequency signal input terminal 32 and radio frequency signal 
output terminal 33 of the amplifier in the embodiment of the invention. 

Fig. 2 (A) shows the test example of VSWR in the radio 
frequency signal input terminal 32 and Fig. 2 (B) shows the test 
example of VSWR in the radio frequency signal output terminal 33, both 

20 showing test examples of VSWR when varying the gain and when not 
varying the gain. In Fig. 2 (A), X n shows a point where the 
measurement of VSWR at the radio frequency signal input terminal 32 
when the gain is not varied is 1.60, and Y n shows a point where the 
measurement of VSWR at the radio frequency signal input terminal 32 

25 when the gain is varied is 1.08. In Fig. 2 (B), X 12 shows a point where 
the measurement of VSWR at the radio frequency signal output 
terminal 33 when the gain is not varied is 1.78, and Y 12 shows a point 
where the measurement of VSWR at the radio frequency signal output 
terminal 33 when the gain is varied is 1.27. 
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In any case, although there is a slight difference in the 
VSWR between when the gain is varied and when the gain is not varied, 
it is significantly improved as compared with the prior art (see Fig. 6). 

In this structural example, the amplifier bypass FET 4, input 
5 impedance correcting FET 2 and output impedance correcting FET 3 are 
provided by one piece each, but as required a plurality of them may be 
connected in series. 

In this embodiment, while realizing a low power 
consumption in gain variation, a variable gain amplifier of favorable 

10 VSWR at input and output end regardless of presence or absence of 
gain variation can be obtained. In the circuit configuration of such 
variable gain amplifier, when not varying the gain (to obtain the 
maximum gain), a voltage so as to actuate the signal amplifying FET 1 
is applied to the supply voltage application terminal 34, a bias voltage 

15 so as to turn ON the bias SW FET 5 is applied to the second control 
voltage application terminal 37, and a bias voltage of -Vp or more is 
applied to the first control voltage application terminal 36, supposing 
the pinch-off voltage of the amplifier bypass FET 4, input impedance 
correcting FET 2, and output impedance correcting FET 3 to be Vp, and 

20 therefore the signal amplifying FET 1 is set in a state of amplifying 
operation, while the amplifier bypass FET 4, input impedance correcting 
FET 2, and output impedance correcting FET 3 are turned OFF. 
Accordingly, the radio frequency signal applied to the radio frequency 
signal input terminal 32 is not attenuated by the amplifier bypass FET 

25 4, input impedance correcting FET 2, and output impedance correcting 
FET 3, and is amplified by the signal amplifying FET 1 at maximum 
gain, and is obtained from the radio frequency signal output terminal 
33. 

On the other hand, when varying the gain, that is, to obtain 
30 the minimum gain, a bias voltage so as to turn OFF the bias SW FET 5 
is applied to the second control voltage application terminal 37, a bias 
voltage of -Vp or less is applied to the first control voltage application 
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terminal 36, and therefore the signal amplifying FET 1 is turned OFF, 
while the amplifier bypass FET 4, input impedance correcting FET 2, 
and output impedance correcting FET 3 are turned ON. Accordingly, 
the radio frequency signal applied to the radio frequency signal input 
5 terminal 32 is skipped to the radio frequency signal output terminal 33 
by way of the amplifier bypass FET 4, and input impedance fluctuations 
at the input side of the signal amplifying FET 1 are corrected by the 
circuit portion mainly composed of the input impedance correcting FET 
2, while output impedance fluctuations at the output side of the signal 

10 amplifying FET 1 are corrected by the circuit portion mainly composed 
of the output impedance correcting FET 3. Therefore, as compared with 
the state not varying the gain, that is, the state of obtaining the 
maximum gain by operation of the signal amplifying FET 1 only, 
fluctuations of the VSWR at the input and output terminal in gain 

1 5 variation are smaller, and the power consumption can be lowered when 
varying the gain. 

In this variable gain amplifier, however, the following 
problems are involved. 

First, if the signal amplifying FET 1 is turned OFF and the 

20 radio frequency signal applied to the radio frequency signal input 
terminal 32 is skipped to the radio frequency signal output terminal 33 
by way of the amplifier bypass FET 4, since the signal amplifying FET 1 
is disposed parallel to the bypass circuit mainly composed of the 
amplifier bypass FET 4, the radio frequency signal applied to the radio 

25 frequency signal input terminal 32 is actually applied to the first gate 
terminal (Gl) of the signal amplifying FET 1, and its signal level 
increases along with the increase of the level of the radio frequency 
signal applied to the radio frequency signal input terminal 32. 

Herein, between the first gate terminal (Gl) of the signal 

30 amplifying FET 1 and the source, it may be regarded that a diode is 
connected equivalently. Therefore, as mentioned above, when the 
potential of the first gate terminal (Gl) is raised by the radio frequency 



-16- 



SUBSTITUTE SPECIFICATION \ \ DEC. 2003 



signal input, the source potential is also elevated similarly. Besides, 
since the second gate terminal (G2) of the signal amplifying FET 1 is 
connected to the source of the signal amplifying FET 1 by way of the 
source inductor 20, the potential of the second gate terminal (G2) 
5 consequently elevated together with the source potential. 

Incidentally, in the drain of the signal amplifying FET 1, a 
bias for operating this signal amplifying FET 1 is preliminarily applied 
from the supply voltage application terminal 34 by way of the choke 
inductor 28, and when a radio frequency signal input signal of strong 

10 electric field is applied, for example, to the radio frequency signal input 
terminal 32, the potentials of the source terminal and second gate 
terminal (G2) of the signal amplifying FET 1 are raised as mentioned 
above, and hence the potentials of the drain terminal, source terminal 
and second gate terminal (G2) of the signal amplifying FET 1 are nearly 

15 at a same potential (0 V), which may bring about an inconvenience of 
making a conducting state between the drain and the source of the 
signal amplifying FET 1 which are supposed to be in nonconducting 
state. Accordingly, the radio frequency signal of strong electric field 
applied to the radio frequency signal input terminal 32 is delivered to 

20 the radio frequency signal output terminal 33 by way of the input 
impedance matching circuit 29, DC cut capacitor 23, amplifier bypass 
FET 4, and DC cut capacitor 27, and may further leak to the ground 
through the drain and source of the signal amplifying FET 1 
substantially set in conducting state, and the source inductor 20 and 

25 source capacitor 22. In this way, the radio frequency signal to be 
issued to the radio frequency signal output signal 33 is attenuated, and 
in the variable gain amplifier shown in Fig. 1, the linearity characteristic 
in the case of input of radio frequency signal of strong electric field is 
extremely spoiled. 

30 Fig. 3 is a characteristic diagram showing the mode of gain 

change due to input power by gain variation in the variable gain 
amplifier shown in Fig. 1, in which when the input level of the radio 
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frequency signal is increased, the linearity characteristic as the 

amplifier is extremely impaired. 

Other embodiment of the invention is described below while 

referring to Fig. 4 and Fig. 5. 
5 The members and configuration described below are not 

intended to limit the invention, but may be changed or modified within 

the scope and true spirit of the invention. 

A variable gain amplifier in the other embodiment of the 

invention is designed to amplify an input radio frequency signal by 
10 means of a signal amplifying FET (field effect transistor) 101, and can 

select presence or absence of gain variation by means of a bias SW FET 

102. Further, between the first gate terminal (Gl) and drain terminal of 

the signal amplifying FET 101, bypass circuit 201 is provided as 

amplifier bypass means which is composed of a third DC cut capacitor 
15 (bypass FET source side DC cut capacitor) 113, an amplifier bypass 

FET 103, and fourth DC cut capacitor (bypass FET drain side DC cut 

capacitor) 114. 

Explaining the circuit connection specifically, first, the signal 
amplifying FET 101 is preferably MESFET (metal semiconductor field 
20 effect transistor), and in the embodiment of the invention it has so- 
called dual gates of —channel depression type. 

The first gate terminal (Gl) of this signal amplifying FET 101 
is connected to the ground by way of a resistor 121, and is also 
connected to a radio frequency signal input terminal 141 by way of a 
25 first DC cut capacitor 111 and an input impedance matching circuit 
134. 

A source terminal of the signal amplifying FET 101 is 
connected to a drain terminal of the bias SW FET 102, and one end of a 
source capacitor 1 15 by way of a source inductor 131, and other end of 
30 the source capacitor 1 15 is connected to the ground. A source terminal 
for bias SW FET 102 is mutually connected with a second gate terminal 
(G2) of the signal amplifying FET 101, and between this mutual 



-18- 



SUBSTITUTE SPECIFICATION 1 1 DEC. 2003 



connection junction and the ground, a second resistor (self-bias 
resistor) 122 and a bypass capacitor 1 16 are connected in parallel. 

A drain terminal of the signal amplifying FET 101 is 
connected to a supply voltage application terminal 143 by way of a 
5 choke inductor 132, and is further connected to a radio frequency 
signal output terminal 142 by way of an output impedance matching 
circuit 135 and a second DC cut capacitor 116. 

On the other hand, the amplifier bypass FET 103 is, for 
example, of -channel depression type, and its source terminal is 

10 connected at the junction of the first DC cut capacitor 111 and input 
impedance matching circuit 134 by way of a third DC cut capacitor 113, 
while its drain terminal is connected to the drain terminal of the signal 
amplifying FET 101 by way of a fourth DC cut capacitor 114. On the 
other hand, a gate terminal of the amplifier bypass FET 103 is 

15 connected to the ground by way of a fifth resistor 125, while its source 
terminal and drain terminal are commonly connected to the first control 
voltage application terminal 145 by way of a fourth resistor 124 and a 
sixth resistor 126, respectively. 

The operation of this structure is explained. 

20 Suppose the control voltage applied to the first control 

voltage application terminal 145 to be VCONT145, and the pinch-off 
voltage of the amplifier bypass FET 103 to be Vp. 

First, when the gain is not varied (to obtain the maximum 
gain), a supply voltage so as to actuate the signal amplifying FET 101 is 

25 applied to the supply voltage application terminal 143, a bias voltage so 
as to turn on the bias SW FET 105 (to set in conducting state) is applied 
to the second control voltage application terminal 144, and a voltage to 
satisfy the relation of VCONT145 > -Vp is applied to the first control 
voltage application terminal 145. 

30 As a result, the signal amplifying FET 101 is set in operating 

state, and the amplifier bypass FET 103 all turned OFF (set in 
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nonconducting state) . 

In this state without gain variance, the gate width Wgt of the 
amplifier bypass FET 103, and each capacity value of the third and 
fourth DC cut capacitors 113, 114 are optimized so as to suppress the 
5 attenuation of the radio frequency input signal and radio frequency 
output signal in these elements, and therefore the radio frequency 
signal entered from the radio frequency signal input terminal 141 
through the input impedance matching circuit 134 is fed into the gate 
terminal (Gl) of the signal amplifying FET 101 by way of the first DC 

1 0 cut capacitor 111 without being attenuated by the amplifier bypass FET 
103, and the radio frequency signal being amplified and delivered from 
the drain terminal is issued to the radio frequency signal output 
terminal 142 by way of the output impedance matching circuit 135 and 
second DC cut capacitor 112 without being attenuated by the amplifier 

15 bypass FET 103, so that the maximum gain is obtained by operating 
same as an ordinary amplifier. 

On the other hand, when varying the gain (to obtain the 
minimum gain), a bias voltage so as to turn OFF the bias SW FET 102 
is applied to the second control voltage application terminal 144, and a 

20 voltage to satisfy the relation of VCONT145 < -Vp is applied to the first 
control voltage application terminal 145. 

As a result, the signal amplifying FET 101 is turned OFF, 
and the amplifier bypass FET 103 is turned ON (set in conducting 
state). In this case, since the signal amplifying FET 101 is turned OFF, 

25 the radio frequency input signal does not pass through the signal 
amplifying FET 101, but passes through the bypass route composed of 
the third DC cut capacitor 113, amplifier bypass FET 103, and fourth 
DC cut capacitor 114. 
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Hence, since the gain when varying the gain is determined 
by the passing loss in the bypass circuit 20 1 composed of the third DC 
cut capacitor 113, amplifier bypass FET 103, and fourth DC cut 
capacitor 114, by optimizing the gate width Wgt of the amplifier bypass 
5 FET 103 and the capacity values of the third and fourth DC cut 
capacitors 113, 114, the gain in gain variation and the gain attenuation 
amount can be easily set to desired values. 

For example, in the circuit shown in Fig. 1, as mentioned 
above, when the level of the radio frequency input signal increases 

10 when varying the gain, the potentials of the source terminal and second 
gate terminal (G2) of the signal amplifying FET 1 elevate, and the 
potentials of the drain terminal, source terminal and second gate 
terminal (G2) of the signal amplifying FET 1 are nearly the same 
potential (0 V), and the drain and source of the signal amplifying FET 1 

1 5 which are supposed to be in nonconducting state are set in conducting 
sate, and the radio frequency signal passing through the bypass circuit 
mainly composed of the amplifier bypass FET 4 leaks to the ground 
through the drain and source of the signal amplifying FET 1. By the 
leak of the radio frequency signal, the radio frequency signal to be 

20 issued to the radio frequency output terminal 33 is attenuated, and 
hence if a radio frequency signal of high electric field is entered during 
gain variation, the linearity characteristic of the amplifier is lost. 

By contrast, in the variable gain amplifier of the other 
embodiment of the invention, as mentioned above, since the second 

25 gate terminal (G2) of the signal amplifying FET 101 is connected at the 
junction of the source terminal and second resistor (self-bias resistor) 
122 of the bias SW FET 102, if the level of the radio frequency input 
signal increases when varying the gain and the voltage of the source 
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terminal of the signal amplifying FET 101 elevates, the potential of the 
second gate terminal (G2) of the signal amplifying FET 101 remains 
almost at 0 V, and the voltage of the second gate terminal (G2) is always 
kept lower than the potential of the source terminal. That is, in the 
5 gain variation time, since the second gate terminal (G2) of the signal 
amplifying FET 101 can be always set in pinch-off state, even in the 
case of input of radio frequency signal of strong electric field from the 
radio frequency signal input terminal 141, the drain and source of the 
signal amplifying FET 101 can be always kept in nonconducting state. 

10 As a result, the radio frequency signal of strong electric field entering 
from the radio frequency signal input terminal 141 passes through the 
bypass circuit 201, and is issued to the radio frequency signal output 
terminal 142, without leaking to the ground through the drain and 
source of the signal amplifying FET 101, that is, without being 

15 attenuated by the signal amplifying FET 101, and therefore the variable 
gain amplifier of this embodiment of the invention is capable of 
obtaining a favorable linearity characteristic even in the case of input of 
radio frequency signal of strong electric field. 

Fig. 5 is a characteristic diagram showing gain changes due 

20 to input power by gain variation of the variable gain amplifier in the 
other embodiment of the invention, and when compared with the 
characteristic diagram (Fig. 3) of a similar circuit shown in Fig. 1 , in the 
case of the circuit in Fig. 1, the input power when the gain is 
compressed by 1 dB (that is, the input power at 1 dB gain compression) 

25 is about -2.9 dBm, whereas the variable gain amplifier in the other 
embodiment of the invention shows the input power at 1 dB gain 
compression of about +14.1 dBm, and as compared with the circuit in 
Fig. 1, the input power at 1 dB gain compression is improved by about 
17 dB. 

30 In the shown structural example, the amplifier bypass FET 

103 is composed of one stage, but it may be composed by connecting a 
plurality of stages in series as required. 
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As described herein, according to the invention, when 
varying, that is, to obtain the minimum gain only, by configuring to 
operate the field effect transistor for input impedance correction 
composing the input impedance correcting means, the field effect 
5 transistor for output impedance correction composing the output 
impedance correcting means, and the field effect transistor for amplifier 
bypass composing the amplifier bypass means, the field effect transistor 
for signal amplification is kept in non-operating state, and as compared 
with the state not varying the gain, that is, the state of obtaining the 

10 maximum gain by operation of the field effect transistor for signal 
amplification, fluctuations of VSWR at the radio frequency input 
terminal and radio frequency output terminal in gain variation time can 
be decreased, and therefore the characteristics of the filter and others 
connected in the front stage or rear stage of the variable gain amplifier 

1 5 are not spoiled even when varying the gain. 

Also according to the invention, since the gain and gain 
attenuation quantities in gain variation can be set freely, and an 
amplifier of desired gain and gain attenuation quantities can be easily 
obtained. At the same time, the power consumption can be lowered 

20 when varying the gain. 

Moreover, according to the invention, when varying the gain, 
that is, to obtain the minimum gain, in the event of input of radio 
frequency signal of strong electric field, the transistor for amplifying the 
signal which is supposed to be in non-operating state is prevented from 

25 coming to operating state by radio frequency signal of strong electric 
field, and therefore favorable input and output power characteristics are 
obtained, and when applied in a wireless communication appliance, the 
gain can be varied according to the input signal level without degrading 
the reception performance. 

30 Though several embodiments of the present invention are 

described above, it is to be understood that the present invention is not 
limited only to the above-mentioned, various changes and modifications 
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may be made in the invention without departing from the spirit and 
scope thereof. 
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